Objective: Everolimus, an inhibitor of the mammalian target of rapamycin, has recently demonstrated efficacy and safety in a Phase III, double-blind, randomized trial (RADIANT-3) in 410 patients with low-or intermediate-grade advanced pancreatic neuroendocrine tumours. Everolimus 10 mg/day provided a 2.4-fold improvement compared with placebo in progression-free survival, representing a 65% risk reduction for progression. The purpose of this analysis was to investigate the efficacy and safety of everolimus in the Japanese subgroup enrolled in the RADIANT-3 study. Methods: Subgroup analysis of the Japanese patients was performed comparing efficacy and safety between everolimus 10 mg/day orally (n ¼ 23) and matching placebo (n ¼ 17). The primary endpoint was progression-free survival. Safety was evaluated on the basis of the incidence of adverse drug reactions. Results: Progression-free survival was significantly prolonged with everolimus compared with placebo. The median progression-free survival was 19.45 months (95% confidence interval, 8.31 -not available) with everolimus vs 2.83 months (95% confidence interval, 2.46 -8.34) with placebo, resulting in an 81% risk reduction in progression (hazard ratio, 0.19; 95% confidence interval, 0.08 -0.48; P , 0.001). Adverse drug reactions occurred in all 23 (100%) Japanese patients receiving everolimus and in 13 (77%) patients receiving placebo; most were grade 1/2 in severity. The most common adverse drug reactions in the everolimus group were rash (n ¼ 20; 87%), stomatitis (n ¼ 17; 74%), infections (n ¼ 15; 65%), nail disorders (n ¼ 12; 52%), epistaxis (n ¼ 10; 44%) and pneumonitis (n ¼ 10; 44%). Conclusions: These results support the use of everolimus as a valuable treatment option for Japanese patients with advanced pancreatic neuroendocrine tumours.
INTRODUCTION
Pancreatic neuroendocrine tumours (pNET) are neuroendocrine neoplasms originating from islets of Langerhans cells in the pancreas (1) . According to US population-based estimates [Surveillance, Epidemiology and End Results (SEER) program], pNET account for 1.3% of pancreatic neoplasms in incidence; however, the prevalence represents 10% of pancreatic neoplasms (1) . The incidence of pNET has increased significantly in the past three decades, reaching 0.32 per 100 000 patients in the SEER registry during 2000 -04 (2) . Because these tumours are often not recognized until the advanced stages of the disease progress, the prognosis for patients is poor (2) . Most patients with pNET ( 64%) present with advanced (metastatic) disease (2) . The estimated median survival time for patients with distant metastatic pNET is 24 months (2) .
The epidemiology of pNET in Japan is of increasing interest, but data are limited. According to a national survey conducted in 2005, the overall incidence of pNET in Japan was 1.01 per 100 000 people (approximately three times higher than US estimates), and the overall prevalence was 2.23 per 100 000 people (3) . The geographical difference in epidemiological data suggests that ethnic differences underlie the disease, but ethnic differences in efficacy and safety of drug therapies have not yet been investigated.
While surgery is the mainstay of treatment for patients with limited disease burden confined to the primary site and regional lymph nodes (4, 5) and for patients with resectable liver metastases based on National Comprehensive Cancer Network guidelines (6), it is not an option for patients with advanced or unresectable metastatic disease (6) . Systemic chemotherapy with streptozocin (Zanosar w ; Keocyt in the EU and Teva Parenteral Medicines, Inc. in the USA) is the approved treatment option for advanced pNET in the USA (6), France, Canada and Israel, but it is not available in Japan. The role of chemotherapy in the treatment of pNET remains inconclusive. Response rates differ among studies (5, 7, 8) , and their rigorousness for response evaluation (e.g. clinical evaluation vs exclusive use of radiologic evaluation) has been questioned (5,7). Modest response rates, coupled with concerning toxicity profiles often associated with the use of chemotherapeutic agents (5, 9, 10) , underscore the continuing unmet need for effective, approved treatment options for advanced pNET.
Liver metastases of NET have high hepatic artery blood flow, and liver-directed therapies are used in the treatment of NET patients despite the lack of randomized controlled trials (11) . Transarterial embolization and transarterial chemoembolization are, thus, useful treatments for hepatic metastases of NET, including downstaging for those patients with high tumour burden and controlling the symptoms of hormonal hypersecretion (11 -13) . It has also been reported that radiofrequency ablation may be useful in conjunction with surgical resection or as an alternative to resection in patients with unresectable tumours and limited numbers of hepatic metastases (14) (15) (16) (17) . However, this procedure is limited to tumours that measure 5 cm in diameter and are not near vital structures (11) . Reports on hepatic intra-arterial chemotherapy as monotherapy for hepatic metastases are few. Therefore, National Comprehensive Cancer Network (NCCN) guidelines (6) and European Neuroendocrine Tumor Society (ENETS) guidelines (11) do not recommend it. Among the major limitations of liver-directed therapies are that no randomized controlled trial has been conducted and that the complexity and high risk of morbidity make it necessary that the patient use an experienced centre (11) .
The molecular pathogenesis of pNET continues to be explored. Current data suggest that constitutional activation of the mammalian target of rapamycin (mTOR) signalling pathway may be a key underlying factor involved in pNET proliferation. mTOR, a cytoplasmic serine/threonine kinase, is a central modulator of the cell cycle (18) . Aberrant upstream activation of mTOR by phosphatidylinositol-3-kinase (P13K)/Akt3 (due to various mechanisms causing signalling defects, such as mutations) results in dysregulated downstream signalling, leading to uninhibited cell growth and proliferation, cellular metabolism and angiogenesis (19) . This mechanism has been implicated in the development and progression of many cancers (20) , including pNET (21) . Inhibition of this pathway is, thus, an important therapeutic target in oncology.
Everolimus (Afinitor w ; RAD001; Novartis Pharmaceuticals), an orally bioavailable inhibitor of mTOR, was recently approved in the USA and Europe for the treatment of patients with progressive pNET that are unresectable, locally advanced or metastatic. Everolimus has shown promising anti-tumour activity in Phase II studies of patients with pNET (22, 23) and in a recently published Phase III trial (24) . The RADIANT-3 trial evaluated the efficacy and safety of oral everolimus, 10 mg/day vs placebo, in 410 patients with low-or intermediate-grade advanced pNET (24) . In this trial, everolimus demonstrated a statistically and clinically significant 2.4-fold improvement in progression-free survival (PFS). The median PFS was 11.0 months in the everolimus group vs 4.6 months with placebo, representing a 65% risk reduction for progression compared with placebo [hazard ratio (HR), 0.35; P , 0.001] (24). Most common adverse drug reactions (ADRs) occurring in at least 30% of patients receiving everolimus were stomatitis (64%), rash (49%), diarrhoea (34%) and fatigue (31%) (24) . The subgroup analysis of Japanese patients who participated in the RADIANT-3 trial is presented herein to investigate whether the efficacy and safety of everolimus were comparable in the Japanese population and the overall study population.
PATIENTS AND METHODS

PATIENTS
The RADIANT-3 inclusion and exclusion criteria have been described in detail (24) . Briefly, eligibility criteria included age 18 years, low-or intermediate-grade advanced (unresectable or metastatic) pNET and radiologic documentation of disease progression within 12 months before randomization.
The additional inclusion criteria were presence of measurable disease per Response Evaluation Criteria in Solid Tumors (RECIST), version 1.0; World Health Organization (WHO) performance status (PS) 2; adequate bone marrow, renal and hepatic function and adequately controlled lipid and glucose levels. The exclusion criteria included hepatic artery embolization within 6 months before enrolment (within 1 month in the presence of other sites of measurable disease), cryoablation or radiofrequency ablation of hepatic metastasis 2 months before enrolment, presence of severe or uncontrolled medical condition, previous therapy with an mTOR inhibitor or long-term treatment with corticosteroids or other immunosuppressants.
STUDY OVERSIGHT
The study was approved by the institutional review board or ethics committee at each participating centre and was conducted in accordance with Good Clinical Practice principles and applicable local regulations. Written informed consent was obtained from all patients.
STUDY DESIGN AND TREATMENT
RADIANT-3 was a double-blind, placebo-controlled, randomized, multicentre, Phase III study (NCT00510068) conducted in 82 centres within 18 countries worldwide (24) . Patients were randomly assigned to receive either oral everolimus 10 mg/day (n ¼ 207) or placebo (n ¼ 203), both in conjunction with best supportive care ( Fig. 1) . Forty Japanese patients from three different centres participated; 23 received everolimus and 17 received placebo. Patients were stratified on the basis of whether they had received chemotherapy and on baseline WHO PS (0 vs 1 -2). Treatment was continued until the occurrence of disease progression, development of an unacceptable ADR (treatmentrelated adverse event), interruption of treatment for 3 weeks or withdrawal of patient consent. Investigators were unaware of study group assignments; however, disclosure was allowed if an investigator determined disease progression (per RECIST criteria), in which case a patient initially assigned to placebo could switch to open-label everolimus. Dose reductions or delays were permitted in the event of clinically significant ADRs (24) .
EFFICACY AND SAFETY ASSESSMENTS
The primary endpoint was PFS evaluated by local investigator assessment according to the RECIST criteria, version 1.0. The secondary endpoints included confirmed objective response rate (complete response or partial response), duration of response, overall survival (OS) and safety. All randomly assigned patients were assessed for efficacy (i.e. intention-to-treat analysis). Tumour measurements were performed at baseline and repeated every 12 weeks. PFS by central review was a secondary endpoint in the trial; when needed, adjudication was performed by an independent central adjudication committee composed of a boardcertified radiologist and an oncologist, both of whom were unaware of study group assignments (24) . To detect radiologic lung changes suggestive of pneumonitis, a central radiology review of chest computed tomography (CT) scans and chest X-rays was performed.
All the patients who received at least one dose of the study drug and had at least one follow-up assessment were included in the safety analysis. Safety assessments included ADRs, laboratory evaluations and physical examinations (24) .
STATISTICAL ANALYSIS
Kaplan -Meier methods were used to assess PFS and OS, as reported earlier (24) . Statistical comparisons between study groups were made using a one-sided log-rank test. A Cox proportional hazards model was used to assess HR.
RESULTS
PATIENTS AND TREATMENT
As seen in Table 1 (24) , baseline demographic characteristics of and previous therapies for the Japanese patients were well balanced between the treatment groups. The median age of the Japanese subgroup (45 years in the everolimus group, 53 years in the placebo group) was similar to that of the overall study population (24) , as was the number of disease sites. Disease severity was generally lower in the Japanese subgroup than in the overall population; a higher percentage had a WHO PS of 0, and a slightly higher percentage had a welldifferentiated histologic grade.
The percentage of patients receiving previous chemotherapy was similar between the treatment groups for the overall population (50% in the everolimus and 50% in the placebo groups) and slightly higher in the everolimus arms (61%) compared with the placebo arm (53%) in the Japanese subgroup. In addition, a higher percentage of patients in the overall population received previous somatostatin analogue treatment (49% in the everolimus group and 50% in the placebo group) compared with the Japanese subgroup (22 and 35%, respectively). None of the Japanese patients in the Figure 1 . Study design. BSC, best supportive care; pNET, pancreatic neuroendocrine tumours; PS, performance status.
RADIANT-3 trial received previous targeted therapy, immunotherapy or hormone therapy.
Patient disposition is shown in Table 2 (24) . At a median follow-up of 16.1 months for the Japanese subgroup and 17.0 months for the overall population (24), median durations of exposure were 60 weeks (range, 4 -103) and 38 weeks (range, 1 -118), respectively, in the everolimus groups and 12 weeks (range, 4 -70) and 16 weeks (range, 0.4 -132), respectively, in the placebo groups. Higher percentages of patients in the placebo groups discontinued treatment (82% in Japanese subgroup and 87% in the overall population) compared with the everolimus groups (48% in the Japanese subgroup and 68% in the overall population).
For both the Japanese subgroup and the overall population, disease progression was the primary reason for treatment discontinuation and occurred in substantially more patients in the placebo groups (82% in the Japanese subgroup and 80% in the overall population) than in the everolimus groups (26% in the Japanese subgroup and 44% in the overall population). In the Japanese subgroup population, one patient in the everolimus group died of acute respiratory distress syndrome caused by sepsis that was considered to be treatment related; no patient in the placebo group died during the study. In the overall population, 12 patients (6%) in the everolimus group and 4 patients (2%) in the placebo group died while receiving the study drug; five deaths in the everolimus group and three deaths in the placebo group were attributed to the underlying cancer or disease progression, and seven deaths in the everolimus group and one death in the placebo group were attributed to adverse events. One death in the everolimus group that was related to the study drug was the Japanese patient described earlier (24) .
EFFICACY
In the Japanese subgroup, PFS was significantly prolonged in patients treated with everolimus compared with placebo [HR, 0.19; 95% confidence interval (CI), 0.08 -0.48; log rank, P , 0.001] (Fig. 2a) These PFS results represent a 16.62 month prolongation in median PFS and an 81% risk reduction in disease progression in the everolimus group. They are consistent with those demonstrated for the overall population (24), wherein median PFS was 11.0 months (95% CI, 8.4 -13.9) in the everolimus group compared with 4.6 months (95% CI, 3.1 -5.4) in the placebo group, correlating with a 65% risk reduction in progression in the everolimus group (HR, 0.35; 95% CI, 0.27-0.45; P , 0.001) (Fig. 2b) (24) . In the Japanese subgroup, 13 patients crossed over from the placebo arm to receive everolimus; 148 patients crossed over in the overall population. Median OS was not reached at the time of this analysis, and no significant difference between treatment groups was observed in the Japanese subgroup (HR, 0.90; 95% CI, 0.20 -4.05; P ¼ 0.45) or in the overall population (HR, 0.89; 95% CI, 0.64 -1.23) (24) .
No patient in either treatment group achieved complete response; however, significantly more patients in the everolimus group than in the placebo group achieved stable disease [83 vs 29%, respectively; Table 3 (24)], and fewer patients had progressive disease (9 vs 65%, respectively). Graphical analysis of the best percentage change from baseline in the Japanese subgroup (Fig. 3) illustrates that more patients experienced reduction in target lesion size in the everolimus group than in the placebo group. All these findings were consistent with those determined for the overall population (Table 3 ) (24).
SAFETY
As shown in Table 4 (24), in the Japanese subgroup, ADRs occurred in all the 23 (100%) patients treated with everolimus and in the 13 (77%) patients who received placebo; most ADRs were grade 1 or 2 in severity. The most common ADRs in the everolimus group were rash (n ¼ 20; 87%), stomatitis (n ¼ 17; 74%), infections (n ¼ 15; 65%), nail disorders (n ¼ 12; 52%), epistaxis (n ¼ 10; 44%) and pneumonitis (n ¼ 10; 44%), all of which occurred at higher rates than in the overall population (24) . Grade 3 ADRs occurred in 15 (65%) patients in the everolimus group and in 5 (29%) patients in the placebo group. One grade 4 infection occurred in the everolimus group (4%); none was reported in the placebo group. The most common grade 3/4 ADRs occurring in Japanese patients in the everolimus group were neutropenia (n ¼ 4; 17%), anaemia (n ¼ 2; 9%), pneumonitis (n ¼ 2; 9%), leucopoenia (n ¼ 2; 9%), infections (n ¼ 2; 9%) and abnormal hepatic function (n ¼ 2; 9%). In the overall population, the most common ADRs affecting 30% of patients treated with everolimus were stomatitis (n ¼ 131; 64%), rash (n ¼ 99; 49%), diarrhoea (n ¼ 69; 34%) and fatigue (n ¼ 64; 31%) (24) . Most ADRs were grade 1 or 2. Common grade 3 or 4 ADRs in the everolimus group were stomatitis (n ¼ 14; 7%), anaemia (n ¼ 12; 6%) hyperglycaemia (n ¼ 11; 5%), thrombocytopenia (n ¼ 8; 4%) and diarrhoea (n ¼ 7; 3%) (24) .
In the overall population, 68 (33.3%) patients treated with everolimus had post-baseline findings suggestive of pneumonitis based on the central review of chest X-ray or chest CT scan. In the Japanese subgroup, seven (30.4%) patients treated with everolimus had these post-baseline findings based on the central review, indicating that in this treatment arm Japanese patients did not differ from the overall population in the rate of lung changes. However, only 27 (13.2%) patients treated with everolimus in the overall population were reported by the investigator to have pneumonitis as an adverse event compared with seven (30.4%) patients in the Japanese subgroup ( Table 5 ), indicating that Japanese investigators reported the lung changes more frequently.
DISCUSSION
The RADIANT-3 trial represents the largest placebocontrolled Phase III clinical trial in patients with advanced pNET (24) . As was seen with the overall population, the Japanese subgroup demonstrated large and significant increases in PFS [81% (P , 0.001) vs 65% (P , 0.001) for the overall population] (24). In addition, median PFS in the Japanese subgroup increased nearly 7-fold in the everolimus group compared with the placebo group as against an 2-fold increase in the overall population (24) . Because patients whose disease progressed on placebo were allowed to cross over to open-label everolimus, this study was not designed to analyse differences in OS. RECORD-1, the Phase III trial of everolimus in patients with metastatic renal cell carcinoma, also showed longer PFS in the Japanese subgroup than in the overall population (25, 26) . However, in the RECORD-1 trial, the ratio of PFS in the everolimus and placebo arms was only 1.6-fold (5.75 months vs 3.61 months, respectively; HR, 0.19; 95% CI, 0.05 -0.83) (25, 26) .
Reasons for the disparity in the PFS ratio in the patients with NET remain inconclusive. The number of disease sites was similar between the everolimus groups for the two populations; however, the Japanese subgroup had a lower percentage of patients with a WHO PS of 1 or 2 than the overall population (13 vs 33%, respectively), a higher percentage of patients with well-differentiated tumours (100 vs 82%, respectively) and a lower percentage of patients who previously received somatostatin analogue therapy (22 vs 49%, respectively) (24) . The pharmacokinetics of everolimus in Japanese patients was previously shown to be similar to those in Caucasians (27) , who accounted for 79% (n ¼ 322) of the patients in the overall population (24) . Though the Japanese patients were smaller than the overall population enrolled in RADIANT-3, the similar pharmacokinetics of everolimus in Japanese and Caucasian patients suggest that exposure of everolimus should not have accounted for its increased efficacy in this subgroup. As previously noted, the incidence of pNET is nearly three times higher in Japanese than in Caucasians (3). Ethnic differences that might have been responsible for the different incidence might also have contributed to the different response to everolimus in these groups and continue to be investigated.
Patients with pNET who have mutations in tuberous sclerosis 2 (TSC2) and phosphatase and tensin homolog (PTEN)-tumour suppressor genes of the P13K/Akt pathway-tend to have more aggressive tumours and subsequent quicker times to disease progression (21) . Decreased protein expression of these negative regulators (TSC2 and PTEN) leads to overstimulation of the mTOR pathway by constitutive activation of PI3K/Akt, thus resulting in uninhibited tumour growth (19) . Notably, tumours exhibiting Number of patients with newly occurring or worsened pneumonitis compared with baseline.
